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ABSTRACf 
A textural analysis was made of the heavy oil-bearing 
sandstones in the Middle Pennsylvanian (Desmoinesian) Warner 
and Bluejacket formations of mid-western Missouri in order to 
determine and compare their depositional environments. 
· Grains of the Bluejacket sandstones are smaller and more 
rounded than grains of the Warner sandstones. The Bluejacket 
sandstone is also betteJ" sorted than the Warner sandstone. 
'(he Bluejacket sandstone is thin-bedded; the Warner is 
mostly massive-bedded. These differences in bedding between 
the two formations have affected distribution of oil in the 
area of study. 
Both the Bluejacket and Warner sandstones are better 
iv 
sorted than the Warrensburg sandstones; the Warrensburg 
sandstones are more highly skewed than the Wam.er and Bluejacket 
sandstones. 
The cross-bedded character of the Warner and Bluejacket 
sandstones, the well rounded nature of the sands of the 
Riverton and Drywood formations, and the broken shell debris 
of the overlying Seville Limestone represent a high energy 
depositional environment which is unfavorable for oil 
formations. The black shale of the Riverton Formation, on 
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(A) Purpose of Investigation 
My problem will be an attempt to answer the following 
questions: 
1. What is the origin ·of the heavy oi 1 and asphalt in 
mid-western Missouri? 
2. What are the factors that affected the distribution 
of oil in the Warner and Bluejacket sandstones. 
Backgrotmd for attacking these problems was obtained by 
reviewing publications .on the subje~t. These publications, 
the work of members of the f'.lissouri Geological Survey, are 
principally concerned with describing the locations of outcrops 
of heavy oil rocks in Missouri, and with consideration of 
economic potential of the deposits. 
Sedimentary features of the Warner and Bluejacket sand-
stones were studied in the field in the Summer of 1965. 
Sieve analyses were run on specimens collected in the 
field. 
A review of the tectonic setting and structural development 
of tltc area which includes the Forest City Basin, \vas undertaken 
because of the relations of these factors to the distribution 
of the so liJ oil and asphalt in mid-western r~1issouri. 
(B) Location 
The map (Figure 1) shows the area of study which comprises 






















0 • ,, ,, 10 













P~ .. n~.s.y_l.v~n.i~~ .. ./ 
Pre-Pennsylvanian 
6. Outcrop of 
asphaltic rocks. 
6, Stations from 
which samples 
were collected. 
Figure 1. Hap of Western ~1issouri showing locations of asphaltic 
rocks and locations of stations of study. For further 
cletai ls, see Appendix I. 
oil sands were collected. This area is located in Vernon and 
adjacent counties and has many outcrops of solid oil sands. 
Geologic sections in Henry and St. Clair counties were 
examined and were found to be helpful in arriving at a conclusion 
as to the deposi tiona! environment of the rocks containing 
solidified oil. 
(C) Procedure of Sieve Analysis 
Sieve analyses were made· in order to find out the 
textural differences between the Warner and the Bluejacket 
sandstones. 
STEP 1: Sieving time was fixed by the following method: 
Eighty grams of carefully crushed combined (two spot 
samples mixed together) samples were sieved by an automatic 
shaking machine. The crushing process was started with partial 
disaggregation by means of a mortar. Disaggregation was 
completed by rolling the material on a still mat with a \'iooden 
rolling pi'h. The softness of the wood and the rolling motion 
prevented the breakage of the grains. The completeness of the 
disaggregation was checked with a binocular microscope. 
At the end of each sieving period, the remaining portion 
on two successive screens (opening sizes are 0.495 mm and 
0. 246 mm) were weighed. The results are as shown in the 
following table: . 
3 
4 
Time Cumulative Weight of Portion Weight of Sample 
Interval Time in Remaining on the Gathering on the 
Minutes Screen 0.495 nun Screen 0. 246 mm 
0 0 80.00 0 
1 2 43.30 36.70 
2 4 26.50 53.50 
3 6 18.60 61.40 
4 8 15.00 65.00 
5 10 14.20 66.80 
Table 1. Change of weight of sample on two successive sieves 
with sieving time. 
Two curves (Figure 2) were dra\m from data in Taele 1. 
These curves became parallel at 8. 4 minutes, indi eating that 
the weight of the sample on each screen \..rill be constant 
after 8.4 minutes of continuous sieving. 
From these tests it was determined that ten minutes of 
sieving per sample would give accurate and reproducible results 
with an adequate margin of safety. 
STEP 2: 
(a) Histograms: The portion of a sample remaining on 
each screen after continuous sieving for ten minutes, \vas 
weighed. This weight was converted into percentage of the 
whole sample. A histogram was constructed by plotting \'Ieight 
percent versus grain size. 


























5 + Time interval 
10 + Cumulative time 
Figure 2. Two curves showing the relation between weight 
of a sample on t\vo successive sieves and sieving time. 
the original data. They were prepared by plotting cumulative 
weight percent versus grain size in mm. 
(c) Sorting Coefficient (S0 ): Sorting coefficient is 
the square root of the ratio of quartiles, i.e. ~· 
(d) Median or Average Grain Size i•leasurements: These 
measurements were determined from cumulative curves, Appendix II. 
(e) Roundness (Krumbein, 1938): Roundness for individual 
grains was determined by: 
1. Taking the projection of five grains from each 
size category. 
2. Drawing circles within grain's edges and 
measuring the radius (r) of each circle. 
3. Drawing the largest inscribing circle and 
measuring its radius (R). 






= n = r average 
therefore, r average = roundness 
R 
(f) Sphericity: The folloHing steps were followed to 
determine this property. 
1. Area (A) of each grain projection was measured 
by means of a planimeter. 
2. Setting this area equal to the area of a circle, 
i.e., A = 1fr2, from which the diar1eter (d) of 
this circle was found. d =i ~ l 
3. ;,1easuring the diameter of the smallest circum-
scribing circle (D). 
6 
d 
4. Sphericity, ~ = 0 
( ) Sk 01 • Q3 h Q f g ·ewness: i·td2 , w ere 1 and Q3 are the ·irst and 
third quartiles respectively, and :1d is the median grain size. 
(D) Previous Work 
C. L. Dake (1918, pp. 181-185) referred to outcrops of 
solid oil sands in Vernon, Bates, and Cass Counties. He also 
showed that the bituminous sandstones occur in the lower 
Pennsylvanian formations. These beds are the 01erokee Shale, 
Henrietta, Pleasanton and Warrensburg formations. Dake pointed 
out that the most extensive occurrences of bituminous sandstones 
are found in the Cherokee Shale. 
~1. E. Wilson (1922, pp. 113-273) wrote: "'Ine Pennsylvanian 
7 
rocks of iv!issouri are the most likely containers of important 
oil and gas in the state". He also noted: "The 01erokee is 
by far the most important with respect to the amount of oil 
and gas found in it". 
F. C. Greene and\'; . F. Pond (1926, pp. 109-115) noted the 
presence of seepages of oil and gas in Vernon County. They 
also gave several tables showing quantitative analysis of the 
solid oil sands in the county. They indicated that "drilling 
for oil and gas should stop as soon as the underlying :·lississippian 
limestone is reached". 
Walter Searight (1957, pp. 5-22) described the location 
of outcrops of the asphaltic rocks in western Hissouri; and 
discussed the occurrence of oil or solid oil in the stratigraphic 
t.mits of the Hississippian and Pennsylvanian Systems. He also 
gave tables showing quantitative analysis of oil in rock samples 
taken from different localities in western t>tissouri. 
At this time, 1965, the Shell Oil Company is carrying on 
an extensive program in an effort to develop an economic method 
of producing oil from the heavy oil sands and asphaltic sands 
of mid-western Missouri. 
8 
Chapter II 
GENERAL GEOLOGY OF THE AREA OF STUDY 
(A) Tectonic Setting 
The area of study is located on the western flank of the 
Ozark Dome. The principal structural feature of the area is 
a monocline dipping very slightly to the northwest. 
From the beginning to the end of the Pennsylvanian time 
there was a long-continued subsidence of the region, interrupted 
by periods of stability, and with relative up 11ft of the adjacent 
land areas during several intervals. (Henry Ilinds and F. c. 
Greene, 1915, p. 213). 
After the close of the Pennsylvanian there were two periods 
of folding. The first of these resulted in blocking out the 
main broad features of the present structure (the monoclinal 
dip to the northwest in I\Hssouri). 
9 
The second period of folding caused the formation of narrow 
and relatively sharp anticlines and associated synclines trending 
northwest-southeast. These tend to be present through the state 
of Missouri. Their trends are remarkably parallel. 
(B) General Geology 
Based on Greene and Pond (1926, p. 30) the rocks of Vernon 
County consist of nearly horizontal strata of limestone of 
r'tississippian age and sandstone, shale and limestone of 
Pennsylvanian age. 
TI1e Mississippian limestone is exposed lm~ in the bluffs 
along the large streams in the eastern part of the county. 
10 
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Table 2. Classification of the >Iiddle Pennsylvanian beds in 
northern Hi d-Contincnt after llowe, 1956. 
Pcnnsyl vanian limestone outcrops in the western half 
and practically in northwestern corner of the county. 
Stratigraphically this study is concerned with the Krebs 
Subgroup. A stratigrapilic section showing rock types of the 
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Sandstone 




Black Shale and Sandstone 
f-igure 3. Krebs Subgroup of Hestern ~lissouri (after Walter 
Searight, 1957). 
Chapter III 
ORIGIN 'OF OIL IN MID-WESTERN r•1ISSOURI 
(A) Introduction 
Hany theories have been proposed to eX'ylain the origin of 
petroleum. Ilowever, most theories hold that petroleum is of 
organic source, (Leverson, 1958, Geology of Petroleum, p. 475). 
TI1e presence of organic matter does not in itself account for 
oil formation. Organic matter, probably originally small marine 
plants and animals, must be preserved from total destruction 
and must be chemically altered. 
The first factor needed for preservation of organic matter 
is the genetic type or kind of basin, its manner of growth and 
the resultant architecture. This involves the physical frame-
work of the basin and its bottom configuration at the time of 
deposition of the oil containing formations. 
13 
TI1e second factor concerns the conditions of sedimentation 
and environment within the basin bottom at the time of deposition. 
(L. G. Weeks, 1952, A.A.P.G., vol. 36, p. 2074). 
Because my area is located on the western flank of the 
Ozark Dome (Spring Field Plateau) and on the eastern flank of 
the Forest City Basin, Figure 4, I will discuss the tectonic 
development of these two elements taking up early Pennsylvanian 
time before saying the origin of the oil in mid-western r-!issouri. 
(B) Structural Development of the Forest City Basin During 
Pennsylvanian Time 
When Pennsylvanian sedimentation began in Kansas, movement 
14 
of the Nemaha anticline had been revived, and the region to 
the east of the Nemaha ridge was sinking. The Nemaha anticline 
(Figure 4) rose intermittently contemporaneously with the deepening 
of the Forest City Basin (lVallace Lee, 1956, Kansas Geological 
Survey). 
On the same subject Lee (1943, p. 115) stated: "However, 
deformation that occurred during early Pennsylvanian time produced 
the present main subsurface structural elements in eastern Kansas", 
i.e., Nemaha anticline, Cherokee Basin, and the Forest City Basin 
(Figure 4). 
On the other hand Henry Pond and F. C. Greene (1915) have 
the following to say about the tectonics of the Ozark uplift 
during early Pennsylvanian time: "At the beginning of the 
Pennsylvanian Epoch, the area included in the present boundaries 
of Missouri was above sea leve 1. The Cherokee Sea first invaded 
f\lissouri in the vicinity of Forest City. After deposition of 
400 feet of material in the Forest City area, the sea covered 
practically all of the western tiers of counties. They also 
reported that the thinness of the probable marine Pennsylvanian 
sediments in the Ozarks indicates that the sea may have retreated 
again a comparatively short time before the end of the Desmonesian 
Enoch (Table 2). A relative uplift of the Ozarks took place at 
that time. 
Horeover, the Ozark Dome became repeatedly a positive area 
during the Paleozoic Era (J. llarlen Bretz, 1965). 
From the previous statements, it is clear that the Forest 
City area was undergoing continuous subsidence when the Ozark 
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Figure 4. Sketch map shovdng early Pennsylvanian structural 
provinces in northeastern Kansas, Je\vet t (1954), 
and Mid-Western Hissouri, J. Bretz (1965). 
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area was tectonically active and that it was raised several ti mes 
above sea level. 
According to the organic theory, petroleum is derived fro m 
organic matter that is preserved under anaerobic and reducing 
environments of deposition. We have observed that the area 
within the Ozark Dome had several times been raised above sea 
level. The organic matter within this area would rapidly have 
been oxidized and decomposed because of the aerobic conditions 
that developed during the uplifts. 
(C) Environment of Deposition of the Krebs Subgroup in Mid-Western 
Missouri 
Environments of deposition are inferred from sedimentary 
structures and from fossil evidence. 
The most striking feature of the Warner and Bluejacket sand-
stones is their cross-bedded character. 
-·-·--· ... ....,__, _,. __ .. ·--···---~··· --~--.. ·--~ ~··· -- -- -~· -~ -· '"·--
' , 
Figure s. Cross-bedded Warner Sandstone, sample collected from station 4. 
-
Cross-bedded sandstone may be formed in two nossible { 
aqueous environments: 
1. Fluvial channel, or 
2. Marine tidal channel (Pettijohn, 1956). 
lllll/llll/llll/lllllllll/llll/llll/llll/IIII/IIII/IIII/IIII/ IIII/IIII JIIIIJIII I/llll/ lll lll lll /lll l/llll/ llll /llll/ll ll/l lll/ ''11 /1111  ! ~ ' : I ! it i 
J 4 5o 6 7 8 9 10 11 12 1) 14 1!t IE. 
Figure 6. Cross-bedded asphaltic Bluejacket Sandstone, 
sample collected from station 6. 
' 1 
I 
Another environment of deposition was found in the field 
to be related to the Seville Formation which is a brachiopoda! 
limestone, Figure 7. According to Dr. Alfred C. Spreng, this 
type of limestone represents shallow to neritic environment of 
deposition. 
Two more environments of deposition were identified by 
Miles 0. Hayes, 1963 (p . 1550). They were beach and high tidal 
fl~t environments, related to Riverton and Drywood sandstones 
17 
Figure 7. Brachiopoda! limestone of Seville formation, 
sample collected from station 5. 
18 
Figure 8. Black shale of the Riverton formation. Core 
sample collected by the Missouri Geological 
Survey. Located at SE 1/4, Section 23, 




A nmnber of sedimentologists (Friedman, 1961, Folk, 1958) 
have suggested that the environment of deposition of sands 
can be recognized by different statistical properties of the 
sands, especially mean size, skewness, sorting coefficient, 
standard deviation, and kurtosis. In order to compare the 
environment of sandstones studied here with those tabulated 
by Friedman, the writer has calculated the mean size and 
standard deviation for comparison with his samples. 
The mean was calculated by this formula: 
1 :X~ = 100 Efmcp where: 
x<P = mean grain size in Phi-Scale. 
f = frequency or abundance of the different grain 
size in the sediment. 
m<P = midpoint of each grain size-grade in Phi-Scale. 
The standard deviation was calculated by this formula: 
o<P = standard deviation. 
When the mean size versus the skevmess of sample number 1 
of the Warner Sandstone was plotted on Friedman's graph (1961, 
p. 517), it was clustered (but not centrally) with samples of 
dune sands, on a plot where he compared dune and beach sands. 
Sample number 2 of the Bluejacket sands was clustered 
with river sands on Friedman's plot of river and dune sands 
(Friedman, 1961, p. 520). 
In spite of the fact that the Warner sand fitted better 
with the dune sand, Friedman's dune-beach sand plot, there are 
21 
several ,.reasons why it may not belong here; since the \Varner 
does not fit into the central area of the dune cluster it may 
not be long to either of these environments; the grains of the 
Krebs-Subgroup Sandstones are not frosted as in the case with 
dune sands; cross-bedding of Krebs Subgroup sands is steeper 
than normal dune sands and is more similar to aqueous cross-bedding; 
finally Dr. \val ter Searight thinks that the Warner sandstones, 
• 
are channel deposiots, but the currents that cleposited the Warner 
Sandstones had nothing to do with cutting the original channels 
\vhich, in some places, cut down into Pre-Pennsylvanian sediments. 
He adds that the original channels were cut before the dcposi tion 
of the Riverton Formation. The Riverton Formation l'las later 
higi1ly eroded.• Therefore the llan1er sands were deposited in 
pre-existing channels as reworked ri vcr sands. 
All of these environments of depositions are iligh energy 
types v:hich are subject to agitation by waves and appreciao lc 
variation in tenperature and are generally swept by bottoJil 
currents capable of moving sediments. It is also aerated an(l 
penetrated by sunlight (Dunbar and I~ougers, lJS 7, p:l. 46-48}. 
TilC organic theory of tl1e origin of 1Jctroleun says t l1at 
reducing environment is necessary for the first step in oil 
formation. In hi gh energy environment there is a continuous 
circulation o f aerating currents that cont ain free oxygen that 
held in solution (Dunbar and Rod gers, 1957, p. 26). In t :1c 
presence of oxygen, organic tissue is readily oxidized to C02 
and H2o and thus reducing the probability of oil formation in 
that environment. 
Hmvever, the only evidence of a reducing environment was 
indicated by the black Riverton Shale, (Figure 8). This shale 
is not considered to be the source rock for oil in the area of 
study, because the Riverton Shale, stratigraphically, is the 
lmvest member in the Krebs Subgroup. If we consider it the 
source rock for oil in the \Varner and Bluejacket formations, 
which occupy a higher position in the stratigraphic column 
(Table 2), then, the only way of explanation is the vertical 
migration from the Riverton Shale upward to the Warner and 
Bluejacket formations. 
Since there was no evidence of fracturing or faulting 
in my area of study, then there is little chance for vertical 
migration (Leverson, 1957, p. 105). 
Furthermore, the Riverton Formation is followed by an 
tmconformity (Searight, 1959, Guidebook, Field Trip, p. 22). 
The development of this tn1conformity would have destroyed 
the oil if any had formed in the Riverton Shale. 
From the previous discussion the writer thinks that the 
formations studied were formed \~ithin the effective wave 
current base as defined by L. G. Weeks (1952). This is the 
maximum depth at which waves and currents are effective in 
moving sediments and above which depth, permanent deposition 
cannot occur. 
So far, we have seen that the factors required for oil 
formation are absent in the area of study. This leads to 
the following conclusion: 
Solid oil that is fotn1d no\'1 in the sands of the Krebs 
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Subgroup of mid-western Missouri did not originate in those 
sands. It is more probable that the oil \.Jas originated in 
the Forest City Basin where conditions were more favorable. 
Beds in the area of study dip to the northwest into the Forest 
City Basin (Figure 4). It is probable that oil migrated from 
the Forest City Basin area, eastward and updip to areas of 
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less pressure in what is now in mid-western Missouri. Conversion 
of the primitive oil to heavy oil and asphalt has been aided 
by the absence of cap rocks in the area which increased the 
rate of evaporation, especially for the vol~tile aromatics. 
(D) Possibilities of Mississippian Formations as a Source 
Rock in Mid-Western Missouri 
In mid-western Missouri, bituminous limestone and sandstones 
of the Hississippian are located where the latter is overlain by 
Pennsylvanian formations (Walter Searight, 1957). 
In the Forest City Basin, pools in the Hississippian and 
older rocks are found in weathered zones just bel ow the discon-
formities (John i-'1. Jewett, 1945). 
Since oil could not be formed in weathered zones (according 
to the organic theories), then it nrust have migrated to these 
locations. In a vertical sense there are two possibilities for 
migration, either from the overlying formations or from the 
underlying formations. In mid-\vestern \'lissouri no oil has been 
found in rocks older than Ulississippian (~!. E. Wilson, 1922). 
This indicates that oil in the weathered zones of the i-1ississippian 
rocks migrated dowm~ard from the Pennsylvanian rocks. 
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Another bit of evidence that tends to rule out the 
Hississippian formation as being the source rock for oil in 
mid-western [.lissouri is the fact that: "~·lississippian deposition 
was followed by an unconformity which removed part of the 
iviississippian rocks", Henry Ley (1926). If there was oil 
in those rocks, it would have been oxidized and destroyed 
during the erosion process. 
Chapter IV 
FACTORS THAT AFFECTED THE DISTRIBliTION OF OIL 
I N THE HARNEH AND BLUEJACKET SAi\JDSTO NES 
(A) Introduction 
In TI~id-westem Missouri, both the Warner and Bluejacket 
Sandstones contain oil. It is the Bluejacket sandstone vthich 
is most conunonly asphaltic (Walter Searight, 195 7). 
The following study was an attempt to find out why the 
Bluejacket sandstone generally contains more oil than the 
Warner sandstone. This study was based on field observations 
relating to the sedimentary structures and on laboratory v.rork 
which included study of the textural characteristics of both 
sands by means of mechanical analysis. 
(B) Results of Grain Size Analysis 
Grain Size Phi-Scale Weight on Weight % Cumulative 
in mm. screen in weight 0/ ·o 
gm • 
• 
o. 991 0 o.oo o.oo o.oo 
0.495 1 0.70 1.00 1.00 
0.246 2 28.50 40.70 41.70 
0.124 3 33.00 4 7.10 88.80 
0.061 4 4.24 6.00 94.80 
pan 3.54 5.00 99.80 
total 69.28 99.80 
loss o. 72 
Table 3. Warner sand, field sample #1. This number represents 
the station from which the sample was collected. Weight 
of the sample is 70 gms. 
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Grain Size Phi-Scale Weight on Weight % Cumulative 
in nun. screen in weight % 
gm. 
0.495 1 0.15 0.20 0.20 
0.246 2 17.08 24.40 24.60 
0.124 3 37.02 52.70 77.30 
0.061 4 9.50 13.50 90.80 
pan 6.00 8.50 99.30 
total 69.75 99.30 
loss 0.25 
Table 4. Warner sand, field sample #4, weight 70 gm. 
Grain Size Phi-Scale Weight on Weight 0. 'o Cumulative 
in mm. screen in weight 0 . 'o 
gm. 
o. 991 0 0.40 0.57 0.57 
0.495 1 3.70 5.30 5.87 
0.246 2 42.10 60.00 65.87 
0.124 3 15.60 22.30 88.17 
0.061 4 5.20 7.40 95.5 7 
pan 2. 80 4.00 99.57 
total 69.80 99.57 
loss 0.20 
Table 5. Warner sand, field sample #7, weight 70 gm. 
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Grain ·Size Phi-Scale Weight on Weight % Curnul ati ve 
in mm. screen in weight % 
gm. 
0.495 1 o. 73 1.13 1.13 
0.246 2 42.73 65.50 66.63 
0.124 3 10.91 16.80 83.43 
0.061 4 6.50 10.50 93.43 
pan 3.57 5.00 98.93 
total 65.44 98.93 
loss 0.66 
Table 6. Warner sand, field sample #8, weight 66 gm. 
Grain Size Phi-Scale Weight on Weight % Cumulative 
in mm. screen in weight % 
gm. 
0.991 
0.495 1 0.67 0.85 0.85 
0.246 2 4.36 6.10 6.95 
0.124 3 54.42 77.50 84.45 
0.061 4 5.42 7. 74 92.19 
pan 5.15 7.60 99.79 
total 69.98 99.99 
loss 0.20 
Table 7. Warner sand, field sample #9, weight 70 gm. 
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Grain Size Phi-Scale Weight on Weight % Cumulative 
in nun. screen in weight % 
gm. 
0.495 1 0.10 0.18 0.18 
0.246 2 0.30 0.54 o. 72 
0.124 3 11.10 20.00 20.72 
0.061 4 32.80 59.40 80.12 
pan 10.60 19.08 99.20 
total 54.80 99.20 
loss 0.20 
Table 8. Bluejacket sand, field sample #2, weight 55 gm. 
Grain Size Phi-Scale Weight on Weight % Cumulative 
in mm. screen in weight % 
gm. 
0.991 
0.495 1 0.22 0.30 0.30 
0.246 2 10.50 15.70 16.00 
0.124 3 28.22 40.30 56.30 
0.061 4 22.80 32.50 88.80 
pan 8.13 10.10 98.90 
total 69.87 98.90 
loss 0.13 
Table 9. Bluejacket asphaltic sand, field sample #3, weight 70 gm. 
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Grain Size Phi-Scale Weight on Weight 0, ·o Cumulative 
in rnrn. screen in weight % 
grn. 
0.495 1 o.ss 0.78 0.78 
0.246 2 20.67 29.40 30.18 
0.124 3 36.20 51.70 81. 88 
0.061 4 7.43 10.60 92.48 
pan 5.12 7.40 99.88 
total 69.97 99.88 
loss 0.30 
Table 10. Bluejacket asphaltic sand, field sample #5, weight 70 grn. 
Grain Size Phi-Scale Weight on Weight % Curnula ti ve 
in rnm. screen in weight % 
gm. 
0.991 
0.495 1 0.13 0.20 0.20 
0.246 2 0.30 0.43 0.63 
0.124 3 17.40 24.80 25.23 
o. 061 4 45.50 64.20 89.53 
pan 6.30 9.40 99.93 
total 69.13 99.23 
loss 0.87 
Table 11. Bluejacket asphaltic sand, field sample #6, weight 70 gm. 
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Grain Size Phi-Scale Weight on Weight % Cumulative 
in mm. screen in weight % 
gm. 
0.495 1 0.14 0.20 0.20 
0.246 2 2.10 3.00 3.20 
0.124 3 49.07 70.10 73.30 
0.061 4 8.10 11.51 84.81 
pan 10.02 15.10 99.91 
total 69.43 99.71 
loss 0.57 
Table 12. Bluejacket asphaltic sand, field sample #10, Neight 70 gm. 
From the foregoing ten tables, ten histograms and ten 
cumulative curves were drawn (Appendix II). From these, the 
median (md) grain size \vas computed, t~1e first and third 
quartiles were computed for the sorting coefficient (S0 ) 
neasurements, and the skewness for both sandstones was 
neasured. 
1. Average median grain size of the Bluejacket 
sand in mm. is 0.187. For the Warner sand 0.235. 
2. Average sorting coefficient of Bluejacket sands 
is 1.15, while it is 1. 21 for Warner sands. 
3. Both sands are positively skewed. 
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(C) Results of Shape Analysis 
Grain size Texture 
in 
mm. Average Average Md. in 
Roundness Sphericity mm. 
0.495 0.23 0.80 
0.246 0.35 o. 70 0.235 
0.124 0.30 0.71 
0.061 0.32 0.66 
Table 13. Warner sand, field sample #1. 
The averages are for five grains from each size category. 
Grain size Texture in 
mm. 
Average Average Md. in 
Roundness Sphericity mm. 
0.495 0.20 0.74 
0.246 0.37 0.69 
0.224 
0.124 0.32 0.67 
o. 061 0.28 0.67 
Table 14. Warner sand, field sample #4. 
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Grain size Texture 
in 
nun. Average Average Md. in 
Roundness Sphericity nun. 
0.991 0.27 0.66 
0.495 0.31 0.69 
0.246 0.34 o. 74 0.164 
0.124 0.28 0.68 
0.061 0.31 0.69 




Average Average Md. in 
Roundness Sphericity nun. 
0.495 0.26 o. 72 
0.246 0.32 0.65 0.35 
0.124 0.29 0.61 
0.061 0.30 0.70 
Table 16. Warner sand, field sample #8. 
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Grain size Texture 
in 
mm. Average Average Md. in 
Roundness Sphericity nun. 
0.495 0.20 o. 75 
0.246 0.30 0.73 
0.124 0.28 0.66 0.20 
0.061 0.31 0.74 
Table 17. Warner sand, field sample #9. 
Grain size Texture 
in 
nun. Average Average Md. in 
Roundness Sphericity nun. 
0.495 0.28 0.76 
0.246 0.27 0.67 
0.124 0.46 o. 77 0.084 
0.061 0.51 o. 84 





Average Average f.Id. in 
Roundness Sphericity rnm. 
0.495 o. 35 0.76 
0.246 0.39 0.78 0.120 
0.124 0.45 o. 80 
0.061 0.36 0.73 
Table 19. Bluejacket asphaltic sands, field sample #3. 
Grain size Texture 
in 
rnm. 
Average Average Md. in 
Roundness Sphericity mm. 
0.495 0.29 0.84 
0.246 0.30 o. 71 0.270 
0.124 0.33 o. 71 
0.061 0.32 0.73 





Aver{lge Average Md. in 
Roundness Sphericity mm. 
0.495 0.21 0.73 
0.246 0.36 o. 75 
0.124 0.35 0.70 0.180 
0.061 0.46 o. 72 
Table ll. Bluejacket asphaltic sand. field sample #6. 
Grain size Texture 
in 
nun. Average Average Md. in 
Roundness Sphericity nun. 
0.495 0.26 o. 77 
0.246 0.33 0.75 
0.124 0.55 o. 79 0.280 
0.061 0.40 o. 70 
Table 22. Bluejacket sand. field sample #10. 
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From the foregoing ten tables, the following comparison 
is made between the texture of the Bluejacket and Warner sands. 
Averages of roundness and sphericity were made by averaging 
the characteristics of 25 grains from each size category. 
Averages of the median, sorting coefficient, and skewness 
were made by averaging the values from 5 histograms (Appendixti). 
Grain Texture 
size 
in Average Average Average Average Average 
mm. Roundness Sphericity \1d. in mm. so Ske1vness 
0.991 o. 270 0.660 
0.495 0.240 o. 735 
0.246 0.336 0.690 o. 235 1.210 1.300 
0.124 0.294 0.665 
0.061 0.304 0.692 





in Average Average Average Average Average 
nun. Roundness Sphericity Md. in nnn. so Skewness 
0.495 o. 278 o. 775 
0.246 0.330 o. 720 
0.124 0.390 o. 750 0.187 1.150 1.600 
0.061 0.475 0.760 
Table 24. Bluejacket sands. 
The grains of the Bluejacket sandstone are more rounded 
than the grains of the Warner sandstone . The average grain 
size of the Bluejacket sandstone is smaller than that of the 
Harner sandstone . The Bluejacket sandstone is better sorted 
than the Warner sandstone . 
The Bluejacket formation is thin bedded , (Fi gures 9 and 10) 
whereas the Warner formation is more massive (Figure 11) . 
Figure 9 a . Thin bedded Bluejacket sandstone . Sample collected 
from station 2 . 
Because of the thin bedded character of the· Bluejacket 
formation , oil can more readily mi grate laterally in it than 
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it can in the Warner formation, since lateral migration is easier 
~rallel to bedding planes than through massive bodies (Leverson, 
195 8 , p . 1 OS) . 
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Figure 9b. Thin bedded Bluejacket sandstone, sample collected 
from statj._<?J1 .. () . ..... 
Figure 10. Massive Warner sandstone, sample collected from 
station s. 
In petroleum geology, the sorting of sands in a ~)Otenti al 
reservoir has a particular significance, for it determines ti1e 
effectiveness of porosity and permeability of the rock. A 
1:10orly sorted sand generally has low porosity and perme ability 
(John D. Haun and L. l'i. LeRoy, 1958, p. 28). 
According to my work, the Bluejacket sand grains are more 
rounded, and the formation in general is better sorted than 
the Warner sandstone. This indicates that the texture of the 
Bluejacket sandstone has also made migration easier through 
4() 
the Bluejacket sandstone, which resulted in the fact that the 
Bluejacket sandstone contains more oil w1.an the Warner sandstone. 
Skewness and sorting coefficient values calculated fror.1 
four cumulative curves for the Warrensburg Channel sandstones werll 
studied by Doty and ;tubert (1961, p. 33). Thetre ske~mess values 
(calculated by the writer) were found to range from 0. 936 to 
1.070, whe&-eas skewness values for the Warner and Bluejacket 
sands range from 0.981 to 1.400 and from 1.100 to 1.700 
respectively. These results indicate that the Warrensburg 
sands are more skewed than the Warner and Bluejacket sands. 
Sorting coefficients values for ~·Jarrensburg Cnannel sandstones 
were found to range from 1. 200 to 1. 600, \•lhile this parameter 
for the Warner and Bluejacket sands range from 1.050 to 1.230 
and from 1. 070 to 1. 300 respectively, which indicates that the 
Warner and Bluejacket sandstones are better sorted than the 
Warrensburg sandstones. 
Chapter V 
Sl.R.fMARY AND CDNCLUSION 
Environments of deposition of the Krebs Subgroup in the 
area of study were found to be of the high energy type. 
Since oil, according to the organic theory, does not form 
in high energy environments, it was concluded that the oil 
in the Bluejacket and Warner sandstones in the area of study 
did not originate in those sands. It is more probable that 
the oil formed in the Forest City Basin and migrated updip 
to areas of less pressure. 
Among the factors that affected distribution of oil in 
the area of study are, textural factors relating to sorting 
and roundness of the grains, and structural factors relating 







Warner Sand, NW 1/4, SW 1/4, Section 10, T 37 N, 
R 25 W, St. Clair County. 
2. Bluejacket Sand, SW 1/4, NE 1/4, Section 4, T 36 N, 
R 26 W, St. Clair County. 
3. Bluejacket Asphaltic Sand, NE 1/4, SW 1/4, Section 5, 
T 35 N, R 29 W, Vernon County. 
4. Warner Sand, NE 1/4, SW 1/4, Section 5, T 35 N, 
R 32 W, Vernon County. 
s. Bluejacket Sand, NE 1/4, SW 1/4, Section 20, T 35 N, 
R 32 W, Vernon County. 
6. Bluejacket Asphaltic Sand, SE 1/4, SW 1/4, Section 34, 
T 36 N, R 32 W, Vernon County. 
7. Warner Sand, Southwest corner of Section 8, T 35 N, 
R 31 W, Vernon County. 
8. Warner Sand, T 36 N, R 31 W, Junction of Highway 71 
. 
with Highway 52, Vernon County. 
9. Warner Sand, T 40 N, R 26 l'l, One mile east of Junction 
Highway 13 with llighway 52, Henry Cotmty. 
10. Bluejacket Sand, T 40 N, 1~ 26 r~ , T \'lO miles north of 
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Warner Sands, field sample #7. 
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Warner Sands, field sample #9, 100 
90 
80 >, u 80 I=! Q = 2,6 (!) 
~ 

















""" +-1 -~ 




0 1 2 3 4 5 0 1 2 3 4 5 
Grain size in Phi-Scale. \,rain size in Phi-Scale. 
48 
100 
Bluejacket Sands, field sample #2 90 
>. 80 C) 
c:: Q (!) = 3,8 
~ 
70 
0"' 70 e 
j;.1.., 









(!) 40 > 
•M 
0() 
·~ (!) 30 ~ 
~ 





10 . 1 
0 1 2 3 4 5 0 1 2 3 4 5 
Grain size in Phi-Scale. Grain size in Phi-Scale. 
49 
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